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DETAILED ACTION 
Claim Rejections - 35 USC § 102 

1 . The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that 
form the basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public 
use or on sale in this country, more than one year prior to the date of application for patent in the United 
States. 

2. Claims 1-3 are rejected under 35 U.S.C. 102(b) as being anticipated by Bartlett 
(4,514,580). 

With regard to claim 1, Bartlett discloses a photoelectric conversion device 
comprising as shown in Figure 2: 

• a substrate (4) serving as a lower electrode (col.1 ; lines: 43-46); 

• first conductivity-type crystalline semiconductor particles (10) deposited on the 
substrate (col.4; lines: 1-3) ; 

• second conductivity-type semiconductor layers (14) formed on the crystalline 
semiconductor particles (col. 4; lines: 7-10); 

• an insulator layer (12) formed among the crystalline semiconductor particles 
(col.4; lines: 6-8); 

• an upper electrode layer formed on the second conductivity-type semiconductor 
layers (col. 4; lines: 11-14), 

• wherein the second conductivity-type semiconductor layers (14) each have a 
smaller thickness (0.2 ^im) at an equator/outline of each of the crystalline 
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semiconductor particles (10) than at a zenith/top portion of the particle (col. 3; 
lines: 50-51) 

In regard to claims 2 and 3, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 1 above, and further discloses that the first conductivity- 
type crystalline semiconductor (10) as a particle size of ~ 300 ^im and the thickness of 
the n-type/second conductivity-type semiconductor (14) layers on the crystalline 
semiconductor particles at the equator/outline is 0.2 jum of that at the zenith/top portion 
(col. 3; lines: 50-51 & col .4; lines: 1-3). The n-type/second conductivity-type 
semiconductor semiconductor layer (14) is less than 70 and 40% of the zenith/top 
portion of the semiconductor particle (1 0). 

Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

4. Claims 4 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bartlett 
(4,514,580) in view of Stanberry (4,322,571). 

With respect to claims 4, Bartlett discloses the photoelectric conversion 
device (Figure 2) as applied to claim 1 above, but fails to disclose the crystalline 
semiconductor particles each have an indentation toward the interior thereof at a 
surface below the equator. 
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Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2), and teaches that a textured surface/indentations/V-shaped ridges, (72) (col. 14; lines: 
37-38 and Figure 8D & 8E) so as to optimize both the light collection and current 
generation efficiencies (col.4; lines: 57-59). It would have been obvious to one of 
ordinary skill in the art at the time of the invention to incorporate semiconductor particles 
with surface V-shaped ridges/ textured surface as taught by Stanbery to the 
photoelectric device of Bartlett in order to optimize both the light collection and current 
generation efficiencies. 

5. Claims 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over Bartlett 
(4,514,580) in view of Nakata (WO99/10935). 

With respect to claims 5, Bartlett discloses the photoelectric conversion 
device (Figure 2) as applied to claim 1 above, but fails to disclose the crystalline 
semiconductor particles have rough surfaces. 

Nakata discloses the photoelectric spherical semiconductor device (Figure 1 1 & 
col. 1; lines: 6-17) and further discloses irregularities/rough edges of the core particle (1) 
as shown in Fig. 11, with an elevation difference of 1 micrometer similar to the situation 
with spherical solar ceil that has been sandblasted (col. 16; lines: 12-17). Nakata 
teaches that a large proportion of the sphere surface is a p-n junction that generates a 
photovoltage, wherein a large portion of the light reaches the sphere surface (with 
elevation differences) wherein the light is scattered, absorbed, and converted to 
electricity (col. 9; lines: 44-51) . It would have been obvious to one of ordinary skill in the 
art at the time of the invention to incorporate semiconductor particles with surface 
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irregularity as taught by Nakata to the photoelectric device of Bartlett in order to have 
the light scattered, absorbed and converted to electricity. 

6. Claims 4 and 5 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bartlett (4,514,580) in view of Sugawara et al. (US 2002/0162585). 

With respect to claim 4, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 1 above, but fails to disclose the crystalline semiconductor 
particles each have an indentation toward the interior thereof at a surface below the 
equator. 

Sugawara et al. ('585) discloses a photoelectric conversion device with 
semiconductor spherical particles (5) (paragraph 101) as shown in Figure 3, and further 
discloses pyramidal projections (5a) as shown in Figure 11 as having an indentation 
toward the interior thereof at a surface below the equator/outline (paragraph 76). 
Sugawara et al. teaches that when the pyramidal projection is formed the light that has 
entered the projection is refracted and direction to the crystalline semiconductor 
particles so as to contribute to power generation (paragraph 65). It would have been 
obvious to one of ordinary skill in the art at the time of the invention to incorporate 
semiconductor particles with indentation toward the interior as taught by Sugawara et al. 
('585) to the photoelectric conversion device of Bartlett in order to contributed to power 
generation. 

In regard to claim 5, Bartlett discloses the photoelectric conversion device 
(Figure 2) according to claim 1 , but fails to disclose wherein the crystalline 
semiconductor particles have a rough surface. 
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Sugawara et al. ('585) discloses a photoelectric conversion device with 
semiconductor spherical particles (5) (paragraph 101) as shown in Figure 3, and further 
discloses that the surface of the crystalline semiconductor particles are rough. 
Sugawara et al. ('585) teaches that by roughing the surfaces (5a) then the light incident 
on the crystalline semiconductor particles (5) is allowed to easily enter inside the 
crystalline semiconductor particles (5) and light reflected at the surface (5a) of the 
crystalline semiconductor particles (5) is scattered and directed to adjacent crystalline 
semiconductor particles (5) so that the conversion efficiency improves (paragraph 122). 
It would have been obvious to one of ordinary skill in the art at the time of the invention 
to incorporate semiconductor spheres with rough surfaces as taught by Sugawara et al. 
('585) to the photoelectric conversion device of Bartlett in order to improve the 
conversion efficiency. 

7. Claims 6-8, 10, and 11 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Bartlett (4,514,580) in view of Stanbery (4,322,571). 

With respect to claim 6, Bartlett discloses the photoelectric conversion device 
(Figure 2) comprising: 

• a substrate (4) serving as a lower electrode (col.1 ; lines: 43-46); 

• first conductivity-type crystalline semiconductor particles (10) deposited on the 
substrate (col.4; lines: 1-3) ; 

• second conductivity-type semiconductor layers (14) formed on the crystalline 
semiconductor particles (col. 4; lines: 7-10); 
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• an insulator layer (12) formed among the crystalline semiconductor particles 
(col.4; lines: 6-8); 

• an upper electrode layer formed on the second conductivity-type semiconductor 
layers (14) (col. 4; lines: 11-14), 

However, Bartlett fails to disclose wherein the second conductivity-type semiconductor 
layers include an impurity element with a concentration decreasing with proximity to the 
crystalline semiconductor particles. 

Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2), and the n-type/second conductivity type semiconductor layer (64, 65) has high 
impurity addition (e.g. phosphorous, boron, arsenic, antimony, etc..) (col. 2; lines: 62- 
64) concentration at the surface region which provides the cells with a low resistance 
and excellent ohmic contact properties immediately adjacent to the electrodes (col. 1; 
lines: 16-28 & col. 13; lines: 26-29). It would have been obvious to one of ordinary skill in 
the art at the time of the invention to have a higher impurity concentration at the surface 
of the n-type/second conductivity type as taught by Stanbery to the photoelectric device 
of modified Bartlett in order to provide the cells with a low resistance and excellent 
ohmic contact properties immediately adjacent to the electrodes. 

With respect to claim 7, Bartlett discloses the photoelectric conversion device as 
applied to claim 6 above, but fails to disclose wherein the second conductivity-type 
semiconductor layers each have a thickness of not less than 5 nm and not more than 
500nm. 
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Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2), and the shallow junction depth of n-type/second conductivity type semiconductor 
layer (65) as shown in Figure 8F with a shallow diffusion layer thickness of 300nm to 
permit optimization and the improvement in the minority carrier lifetime (col. 15; lines: 
36-50). It would have been obvious to one of ordinary skill in the art at the time of the 
invention to have a thickness of 300nm of the n-type/second conductivity type as taught 
by Stanbery to the photoelectric device of modified Bartlett in order to optimize and 
improve the minority carrier lifetime. 

In regard to claim 8, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, but fails to disclose wherein a region of each of 
the second conductivity-type semiconductor layers where the concentration of the 
impurity element is lowest comprises an intrinsic semiconductor. 

Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2). Stanbery discloses a lower surface concentration of impurity atoms in the n-type 
second conductivity-type semiconductor with a concentration profile (42) as shown in 
Figure 5, and further teaches that a shallow junction permits more current to be 
generated per unit of absorbed incident radiation (col. 10; lines: 55-64). In this case, the 
n-type /second conductivity type semiconductor layer with lower surface concentration 
of impurity atoms behaves as an intrinsic semiconductor (i.e. electrical properties that 
are of an ideal crystal). It would have been obvious to one of ordinary skill in the art at 
the time of the invention to incorporate the second conductivity-type semiconductor 
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layers with a lower impurity at the surface as taught by Stanbery to the device of Bartlett 
in order to permit more current to be generated per unit of absorbed incident radiation. 

In regard to claim 10, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, wherein the substrate (6) comprises aluminum 
(col. 3; lines; 67-68). 

With respect to claim 1 1 , Bartlett discloses a method of manufacturing the 
photoelectric conversion device comprising as shown in Figure 1: 

• depositing first conductivity-type crystalline semiconductor particles on a 
substrate (4) (col.4; lines: 1-3) serving as a lower electrode (col.1; lines: 
43-46); 

• forming a second conductivity-type semiconductor layers (14) formed on 
the crystalline semiconductor particles (col. 4; lines: 7-10); 

• forming an insulator layer (12) formed among the crystalline 
semiconductor particles (col.4; lines: 6-8;) and 

• forming an upper electrode layer formed on the second conductivity-type 
semiconductor layers (14) (col. 4; lines: 11-14). 

However, Bartlett fails to disclose so that at least one element selected from the group 
consisting of p-type or n-type impurities, oxygen, nitrogen, carbon and hydrogen is 
included in the semiconductor layers with a concentration gradient increasing with 
thickness. 

Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2) and further discloses p-type or n-type impurity (64, 65) has high impurity addition 
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(e.g. phosphorous, boron, arsenic, antimony, etc..) (col. 2; lines: 62-64) concentration at 
the surface region which provides the cells with a low resistance and excellent ohmic 
contact properties immediately adjacent to the electrodes (col. 1 ; lines: 16-28 & col. 13; 
lines: 26-29). It would have been obvious to one of ordinary skill in the art at the time of 
the invention to have a higher impurity concentration at the surface of the n-type/second 
conductivity type as taught by Stanbery to the photoelectric device of modified Bartlett in 
order to provide the cells with a low resistance and excellent ohmic contact properties 
immediately adjacent to the electrodes. 

8. Claims 12 and 13 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Bartlett (4,514,580) and Stanbery (4,322,571) as applied to claim 11 above, and in 
further view of Nakata (6,294,822). 

In regard to claims 12 and 13, Bartlett discloses the method of manufacturing a 
photoelectric conversion device (Figure 1) as applied to claim 1 1 above, and and 
discloses that the particulate silicon undergoes the removal of the semi-conductor 
material by way of etching with a nitric and hydrofluoric acid solution prior to the 
spreading of the particulate onto the substrate (col. 3; lines: 10-16). However, Bartlett 
fails to disclose an aluminum coating and the step of removing a part of the second 
conductivity-type/n-type semiconductor layers that adheres to the substrate after the 
formation of the second conductivity-type/n-type semiconductor layers. 

Nakata discloses the photoelectric spherical semiconductor device (Figure 1 1 & 
col. 1 ; lines: 6-1 7) and further discloses electrodes which contact aluminum layer (22) 
and the n-type/second conductive semiconductive layer (25) as shown in Figure 15, 
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with circular openings (the n-type conductive surface was removed, since there is 
circular openings) which reach the surface of the aluminum layer (22) such that the n- 
type/second conductive semiconductive layer (25) are formed at two positions which are 
symmetric with respect to the center of the core to have the electrodes contact the 
aluminum layer (Figure 15 & col. 15; lines: 29-39). It would have been obvious to one of 
ordinary skill in the art at the time of the invention to remove/expose the n-type/second 
conductive semiconductive layer (25) a taught by Nakata to the photoelectric device of 
Bartlett in order to have the electrodes contact the aluminum layer. 
9. Claims 9 and 14-18 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Bartlett (4,514,580) and Stanbery (4,322,571) as applied to claim 6 above, and in 
further view of Nakata (6,294,822). 

With respect to claim 9, Bartlett discloses the photoelectric conversion device 
(Figure 1) as applied to claim 6 above, but fails to disclose wherein an oxide layer or a 
nitride layer is formed between each of the crystalline semiconductor particles and the 
second conductivity-type semiconductor layers. 

Nakata discloses the photoelectric spherical semiconductor device (Figure 11 & 
col. 1; lines: 6-17) and further discloses an oxide layer such as silicon dioxide, 
passivation film (9) as shown in Figure 7 formed over the entire surface of the spherical 
body (col. 8; lines: 56-67). Nakata also teaches that the passivation film (9) reduces the 
recombination velocity of a minority of carriers and the proportion of photo-generated 
carriers, which contribute to the photoelectric conversion is increased (col. 8; lines: 56- 
67). It would have been obvious to one of ordinary skill in the art at the time of the 
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invention to incorporate an oxide layer/silicon dioxide layer (9) as taught by Nakata to 
the photoelectric device of Bartlett in order to increase the photoelectric conversion. 

In regard to claims 14-16, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, and fails to discloses that the thickness of the 
second conductivity-type semiconductor layers on the semiconductor particles each 
have a smaller thickness at or below an equator of each of the semiconductor particles 
than at the zenith region thereof, and the thickness of each of the second conductivity 
type semiconductor layer on the crystalline semiconductor particles at or below the. 
equator is 70% and 40% or less of that at the zenith. 

Nakata discloses the photoelectric spherical semiconductor device (Figure 1 1 & 
col. 1; lines: 6-17) and further discloses that the p-type/first conductivity-type crystalline 
semiconductor (4) thickness is 10 jam (col. 7; lines: 59-62) and the thickness of the n- 
type/second conductivity-type semiconductor (6a) thickness at the equator/outline is 
0.3-0.5 |im of that at the zenith/top portion (col. 8; lines: 45-52), which is 3% of 
thickness of the p-type/first conductivity-type crystalline semiconductor. Nakata teaches 
that an approximately sphere p-n junction is formed at the interface and is necessary for 
generation of photovoltage (col. 8; lines: 50-55). It would have been obvious to one of 
ordinary skill in the art at the time of the invention to incorporate semiconductor particles 
with a n-type/second conductivity type semiconductor layer that is 3% of the p-type/first 
conductivity-type crystalline semiconductor (4) thickness as taught by Nakata to the 
photoelectric conversion device of modified Bartlett in order to generate a photovoltage. 

With respect to claims 17 and 18, Bartlett discloses the photoelectric conversion 
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device (Figure 2) as applied to claim 6 above, but fails to disclose the crystalline 
semiconductor particles each have an indentation toward the interior thereof at a 
surface below the equator. 

Nakata discloses the photoelectric spherical semiconductor device (Figure 1 1 & 
col. 1; lines: 6-17) and further discloses irregularities/rough edges of the core particle (1) 
as shown in Fig. 1 1 , with an elevation difference of 1 micrometer similar to the situation 
with spherical solar cell that has been sandblasted (col. 16; lines: 12-17). Nakata 
teaches that a large proportion of the sphere surface is a p-n junction that generates a 
photovoltage, wherein a large portion of the light reaches the sphere surface directly or 
reflected light is scattered, absorbed, and converted to electricity (col. 9; lines:44-51) . It 
would have been obvious to one of ordinary skill in the art at the time of the invention to 
incorporate semiconductor particles with surface irregularity as taught by Nakata to the 
photoelectric device of Bartlett in order to generate electricity. 

Stanbery discloses a photoelectric conversion device (col. 1; lines: 13-31) (Figure 
2), and teaches that a textured surface, indentations toward the interior/ V-shaped 
ridges, (72) (col. 14; lines: 37-38 and Figure 8D & 8E) so as to optimize both the light 
collection and current generation efficiencies (col.4; lines: 57-59). It would have been 
obvious to one of ordinary skill in the art at the time of the invention to incorporate 
semiconductor particles with surface V-shaped ridges/ textured surface as taught by 
Stanbery to the photoelectric device of Bartlett in order to optimize both the light 
collection and current generation efficiencies. 
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10. Claims 6-16 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Bartlett (4,514,580) in view of Sugawara et al. (US 2002/0023674). 

With respect to claim 6, Bartlett discloses the photoelectric conversion device 
(Figure 2) comprising: 

• a substrate (4) serving as a lower electrode (col.1 ; lines: 43-46); 

• first conductivity-type crystalline semiconductor particles (10) deposited on the 
substrate (col.4; lines: 1-3) ; 

• second conductivity-type semiconductor layers (14) formed on the crystalline 
semiconductor particles (col. 4; lines: 7-10); 

• an insulator layer (12) formed among the crystalline semiconductor particles 
(col.4; lines: 6-8); 

• an upper electrode layer formed on the second conductivity-type semiconductor 
layers (14) (col. 4; lines: 11-14), 

However, Bartlett fails to disclose wherein the second conductivity-type semiconductor 
layers include an impurity element with a concentration decreasing with proximity to the 
crystalline semiconductor particles. 

Sugawara et al. ('674) discloses a photoelectric conversion device with 
semiconductor spherical particles (3) (paragraph 103) as shown in Figure 1, and the n- 
type/second conductivity type semiconductor layer (4) that has two layers each of which 
has an impurity addition concentration that differs from the other such that the impurity 
addition concentration in the lower layer of the second conductivity type semiconductor 
layer (4) is lower (decreasing) than that in the upper layer of the second conductivity 
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type semiconductive layer (paragraph 47). Sugawara et al. ('674) further teaches that 
the upper layer of the second conductivity type semiconductive layer with higher 
impurity addition concentration/decreasing towards the lower layers can reduce the 
series resistance and prevent the conversion efficiency from lowering (paragraph 48). It 
would have been obvious to one of ordinary skill in the art at the time of the invention to 
add an impurity element to the second conductivity type with decreasing concentration 
as taught by Sugawara et al. ('674) to the photoelectric device of modified Bartlett in 
order to reduce the series resistance and prevent the conversion efficiency from 
lowering. 

With respect to claim 7, Bartlett discloses the photoelectric conversion device as 
applied to claim 6 above, but fails to disclose wherein the second conductivity-type 
semiconductor layers each have a thickness of not less than 5 nm and not more than 
500nm. 

Sugawara et al. ('674) discloses a photoelectric conversion device with 
semiconductor spherical particles (3) (paragraph 103) as shown in Figure 1, and further 
teaches that the second conductivity type semiconductive layer (4) is from 50-300nm 
(paragraph 80), because it is undesirable to make the thickness less than 50 nm 
because in such cases, the covering performance deteriorates and leakage due to 
direct contact of the semiconductor particles with transparent conductive film occurs, 
thereby deteriorating the properties (paragraph 80). It would have been obvious to one 
of ordinary skill in the art at the time of the invention to set the second conductivity type 
semiconductive layer thickness from 50-300 nm as taught by Sugawara et al. ('674) to 
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the photoelectric conversion device of modified Bartlett in order to avoid poor covering 
performance and leakage thereby deteriorating the properties. 

In regard to claim 8, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, but fails to disclose wherein a region of each of 
the second conductivity-type semiconductor layers where the concentration of the 
impurity element is lowest comprises an intrinsic semiconductor. 

Sugawara et al. ('674) discloses a photoelectric conversion device with 
semiconductor spherical particles (3) (paragraph 103) as shown in Figure 1, and further 
disclose that the second conductivity-type semiconductor layers (4) has a lower impurity 
addition concentration in the lower layer/region wherein the leakage current is 
prevented from occurring (intrinsic semiconductor i.e. electrical properties that are of an 
ideal crystal) then this device can achieve conversion efficiency higher than that of 
known photoelectric conversion device (paragraph 49). It would have been obvious to 
one of ordinary skill in the art at the time of the invention to incorporate the second 
conductivity-type semiconductor layers with a lower impurity addition concentration in 
the lower layer/region as taught by Sugawara et al. ('674) to the device of Bartlett in 
order to prevent leakage current thereby achieving a higher conversion efficiency. 

With respect to claim 9, Bartlett discloses the conversion device (Figure 2) 
applied to claim 6 above, wherein an oxide layer or a nitride layer is formed between 
each of the crystalline semiconductor particles and the second conductivity-type 
semiconductor layers (col.3; lines: 43-45). 
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In regard to claim 10, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, wherein the substrate (6) comprises aluminum 
(col. 3; lines: 67-68). 

With respect to claim 1 1 , Bartlett discloses a method of manufacturing the 
photoelectric conversion device comprising as shown in Figure 1 : 

• depositing first conductivity-type crystalline semiconductor particles on a 
substrate (4) (col.4; lines: 1-3) serving as a lower electrode (col.1; lines: 
43-46); 

• forming a second conductivity-type semiconductor layers (14) formed on 
the crystalline semiconductor particles (col. 4; lines: 7-10); 

• forming an insulator layer (12) formed among the crystalline 
semiconductor particles (col.4; lines: 6-8;) and 

• forming an upper electrode layer formed on the second conductivity-type 
semiconductor layers (14) (col. 4; lines: 11-14). 

However, Bartlett fails to disclose so that at least one element selected from the group 
consisting of p-type or n-type impurities (an impurity element added to n-type or p-type 
semiconductor material), oxygen, nitrogen, carbon and hydrogen is included in the 
semiconductor layers with a concentration gradient increasing with thickness. 

Sugawara et al. ('674) discloses a photoelectric conversion device with 
semiconductor spherical particles (3) (paragraph 103) as shown in Figure 1, and the n- 
type/second conductivity type semiconductor layer (4) with an impurity addition 
concentration in two layers (upper and lower) and that the impurity addition 
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concentration in the lower layer of the n-type/second conductivity type semiconductor 
layer (4) is lower (decreasing) than that in the upper layer of the n-type/second 
conductivity type semiconductive layer (paragraph 47). Sugawara et al. ('674) further 
teaches that the upper layer of the n-type/second conductivity type semiconductive 
layer with higher impurity addition concentration/decreasing towards the lower layers 
can reduce the series resistance and prevent the conversion efficiency from lowering 
(paragraph 48). It would have been obvious to one of ordinary skill in the art at the time 
of the invention to add an impurity element to the second conductivity type with 
decreasing concentration as taught by Sugawara et al. ('674) to the photoelectric device 
of modified Bartlett in order to reduce the series resistance and prevent the conversion 
efficiency from lowering. 

In regard to claims 12 and 13, Bartlett discloses the method of manufacturing a 
photoelectric conversion device (Figure 1) as applied to claim 11 above, and discloses 
that the particulate silicon undergoes the removal of the semi-conductor material by way 
of etching with a nitric and hydrofluoric acid solution prior to the spreading of the 
particulate onto the substrate (col. 3; lines: 10-16). However, Bartlett fails to disclose an 
aluminum coating, and steps of removing a part of the second conductivity-type 
semiconductor layers that adheres to the substrate after the formation of the second 
conductivity-type semiconductor layers. 

Sugawara et al. ('674) discloses a photoelectric conversion device with 
semiconductor spherical particles (3) (paragraph 103) as shown in Figure 1, and further 
disclose prior to forming the insulator layer (102) among the crystalline semiconductor 
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particles, the step of removing a part of the n-type/second conductivity-type 
semiconductor layers (1 10b) that adheres to the substrate after the formation of the n- 
type/second conductivity-type semiconductor layers (110b) (paragraph 17). Sugawara 
et al. ('674) teaches that portions are removed so that the p-type cores (1 10a) are 
contacted with the lower aluminum foil/substrate (113) in forming a metal connector 
electrode (paragraph 16 and 17). It would have been obvious to one of ordinary skill in 
the art at the time of the invention to apply the method of removing a part of the second 
con duct ivity-type/n-type semiconductor layers as taught by Sugawara et al. ('674) to the 
photoelectric method of Bartlett in order to have the p-type cores to contact the 
aluminum foil thereby forming a metal in contact with the p-type semiconductor core. 

In regard to claims 14-16, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 6 above, and further discloses that the first conductivity- 
type crystalline semiconductor as a particle size of ~ 300 jim and the thickness of the 
second conductivity-type semiconductor (14) layers on the crystalline semiconductor 
particles at the equator/outline is 0.2 jam of that at the zenith/top portion, which is 0.1% 
of thickness of the first conductivity-type crystalline semiconductor (radius - ISOjam) 
(col. 3; lines: 50-51 & col.4; lines: 1-3). 

11. Claims 17 and 18 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Bartlett (4,514,580) and Sugawara et al. (US 2002/0023674) as applied to claim 14 
above, and in further view of Sugawara et al. (US 2002/0162585). 

With respect to claim 17,. Bartlett discloses the photoelectric conversion device 
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(Figure 2) as applied to claim 14 above, but fails to disclose the crystalline 
semiconductor particles each have an indentation toward the interior thereof at a 
surface below the equator. 

Sugawara et al. ('585) discloses a photoelectric conversion device with 
semiconductor spherical particles (5) (paragraph 101) as shown in Figure 3, and further 
discloses pyramidal projections (5a) as shown in Figure 11 as having an indentation 
toward the interior thereof at a surface below the equator/outline (paragraph 76). 
Sugawara et al, ('585) teaches that when the pyramidal projection is formed the light 
that has entered the projection is refracted and direction to the crystalline 
semiconductor particles so as to contribute to power generation (paragraph 65). It would 
have been obvious to one of ordinary skill in the art at the time of the invention to 
incorporate semiconductor particles with indentation toward the interior as taught by 
Sugawara et al. ('585) to the photoelectric conversion device of Bartlett in order to 
contributed to power generation. 

In regard to claim 18, Bartlett discloses the photoelectric conversion device 
(Figure 2) as applied to claim 14 above, but fails to disclose wherein the crystalline 
semiconductor particles have rough surface. 

Sugawara et al. ('585) discloses a photoelectric conversion device with 
semiconductor spherical particles (5) (paragraph 101) as shown in Figure 3, and further 
discloses that the surface of the crystalline semiconductor particles are rough. 
Sugawara et al. teaches that by roughing the surfaces (5a) then the light incident on the 
crystalline semiconductor particles (5) is allowed to easily enter inside the crystalline 
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semiconductor particles (5) and light reflected at the surface (5a) of the crystalline 
semiconductor particles (5) is scattered and directed to adjacent crystalline 
semiconductor particles (5) so that the conversion efficiency improves (paragraph 122). 
It would have been obvious to one of ordinary skill in the art at the time of the invention 
to incorporate semiconductor spheres with rough surfaces as taught by Sugawara et al. 
('585) to the photoelectric conversion device of Bartlett in order to improve the 
conversion efficiency. 

Conclusion 

12. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Asha Hall whose telephone number is 571-272-9812. 
The examiner can normally be reached on Monday-Thursday 8:30-7:00PM EST. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Alexa Neckel can be reached on 571-272-1446. The fax phone number for 
the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a 
USPTO Customer Service Representative or access to the automated information 
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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